Background. Few studies have investigated the effects of care models that combine interdisciplinary care with nutrition consultation, depression management, and fall prevention in older persons with hip fracture. The purpose of this study was to compare the effects of a comprehensive care program with those of interdisciplinary care and usual care for elderly patients with hip fracture.
LDERLY patients with hip fracture have been found to benefit from an interdisciplinary care model that generally comprises usual inpatient care with an added geriatric intervention, early rehabilitation, and supported discharge in Western countries (1-2) and in researchers' previous studies (3) (4) (5) . This interdisciplinary care model has sometimes, but not consistently, included nutritional supplements, fall prevention, and depression detection/management as important elements to enhance the health condition and decrease complications of hip-fractured elders (6) (7) (8) . However, few studies have investigated the effects of care models that combine interdisciplinary care with health-maintenance interventions in older persons with hip fracture.
In this study, researchers developed a comprehensive model that includes not only interdisciplinary care, but also management of nutritional problems, prevention of falls, and management of depressive symptoms. The trial reported here was designed to compare the effects of this model with those of researchers' previously developed interdisciplinary care model (3) and usual care. Researchers hypothesized that elderly patients with hip fracture who received the comprehensive intervention would have better nutritional status, fewer depressive symptoms, fewer falls, greater improvement in self-care ability, less mortality, and fewer emergency room (ER) visits than those who received interdisciplinary and usual hospital care.
Methods

Participants
Patients were included in this trial if they met these criteria: (a) age 60 years or older, (b) admitted to hospital for an accidental first-time, single-side, simple femoral neck fracture, intertrochanteric, or subtrochanteric hip fracture, (c) receiving hip arthroplasty or internal fixation, (d) able to perform full range of motion against gravity and against some or full resistance of the unaffected limb as assessed by a research nurse and self-reported to have a prefracture Chinese Barthel Index (CBI) score >70, (e) admitted from a home setting, and (f) living in northern Taiwan. Patients were excluded if they met these criteria: (a) severely cognitively impaired and completely unable to follow orders (determined by a Chinese Mini-Mental State Examination score <10) (9) , (b) unable to communicate, (c) terminally ill, or (d) admitted from a nursing home.
Participants (N = 299, 101 in the interdisciplinary care group, 99 in the comprehensive care group, and 99 in the usual care group) were recruited within 24 hours of admission from September 2005 to July 2010 ( Figure 1 ). Among the 642 patients who did not meet the study criteria, 52.7% did not meet the criterion for prefracture self-care ability and muscle power, 20.4% lived outside northern Taiwan, 12.3% had severe cognitive impairment, 10.9% were unable to communicate due to hearing impairment or language barrier, and 3.7% lived in a nursing home. Another 134 patients were excluded because they were admitted on holidays, too late to start the assessment and interventions. Of the hipfracture patients screened, none had fallen in the hospital and fractured their hip.
Outcome Variables
Self-care ability was measured by the CBI (10) as ability to perform activities of daily living (ADLs). Depressive symptoms were assessed using the Chinese version of the Geriatric Depression Scale, short form (GDS-s) (11) . Patients with a GDS-s score ≥5 were categorized as at risk for clinical depression. Nutritional status of hip-fractured elders was assessed using the Mini Nutritional Assessment (12) . Mini Nutritional Assessment scores categorize each person as well nourished (≥24 points), at risk of malnutrition (17-23.5 points), and malnourished (<17 points).
Patients and their families were given a calendar to record the frequency and duration of their exercises, occurrence of falls, and visits to the hospital and ER. These calendars were checked at each assessment by the research nurse who also clarified the recorded information. The accuracy of ER visits and mortality was verified by checking available hospital records.
Intervention Programs
Researchers developed two intervention models: the interdisciplinary care model, which consisted of acute/ subacute and transitional interventions, and the comprehensive care model, which included nutrition consultation, depression management, and fall prevention in addition to the interdisciplinary care model (3-5) ( Table 1) . For rehabilitation, patients in the usual care group received around 2 days of physical therapy (PT) in the hospital, those in the interdisciplinary care group received 4 months of in-home rehabilitation, and those in comprehensive care received 1 year of in-home rehabilitation. Specifically, patients in usual care received no inhome PT. Both the interdisciplinary and comprehensive care groups received three in-home PT sessions during the first 4 months following discharge: within the first week, third week, and third month after discharge. The comprehensive care group also received a PT session in the sixth month after discharge.
Usual Care
Current routine care of hip-fractured elders in Taiwan does not usually include continuity of rehabilitation in the home setting, geriatric assessment, and a well-organized interdisciplinary approach. Consultations for internal medicine care are occasionally made, depending on the patient's condition. During the first 2-3 days after surgery, nurses usually teach patients how to do exercises in bed and change their position. In-hospital PT usually starts on the third day following surgery and the number of in-hospital PT sessions varies according to the patient's condition. In this study, the usual care group received an average of 1.89 (SD = 2.32) PT sessions during hospitalization. Patients are usually discharged from the hospital around 5-7 days after surgery with varied discharge health education from their primary nurses, but without home rehabilitation. Patients receive clinical follow-ups at 1, 3, and 6 months following hospital discharge.
Interdisciplinary Care Model
The interdisciplinary care model consisted of geriatric consultation, a rehabilitation program, and discharge planning with post-hospital services (Table 1  and Supplementary Table 1 ). The geriatric-consultation component provided comprehensive geriatric assessment and medical supervision to detect potential medical and functional problems, and to decrease delays before surgery. The geriatric consultation was provided by a geriatric nurse and geriatrician. The rehabilitation component emphasized providing early postoperative rehabilitation to facilitate mobility, and planning for hospital discharge with rehabilitation in the patient's usual environment. Rehabilitation started on the first day after surgery and continued into the home setting after hospital discharge. Both the inpatient and in-home rehabilitation programs contained a hip fracture-oriented intervention and a general intervention to enhance physical fitness. Rehabilitation focused on relieving pain and enhancing range of motion, muscle strength and endurance, proprioception, balance challenges, and aerobic capacity.
The discharge planning with post-hospital services component emphasized discharge assessment, referrals, and reminders for clinical follow-up. After hospital admission, patients were assessed and received services from a geriatric nurse. Figure 1 . Flow chart of the study. *Prefracture Chinese Barthel Index (CBI) score < 70 (n = 338), lived outside northern Taiwan (n = 131), severe cognitive impairment (n = 79), unable to communicate due to hearing impairment or language barrier (n = 70), and lived in nursing home (n = 24).
Comprehensive Care Model
The comprehensive care model included not only the components of the interdisciplinary care model (geriatric consultation, rehabilitation program, and discharge planning with post-hospital services), but also nutrition consultation, depression management, and fall prevention (Table 1  and Supplementary Table 1) .
Like the interdisciplinary care group, the comprehensive care group received geriatric assessment and consultation if needed. The rehabilitation protocol was the same for both the interdisciplinary and comprehensive care models while patients were hospitalized and at home for the first 4 months after discharge.
Rehabilitation program.-The comprehensive care group received in-home rehabilitation for 6 months longer than the interdisciplinary care group, that is, 1 year after discharge. Thus, they had time to recover enough to perform exercises to improve balance and aerobic capacity during home visits from nurses and physical therapists.
Nutritional consultation/education.-For this intervention, patients were assessed by a geriatric nurse for nutritional status before discharge and at 1, 3, 6, and 12 months after discharge. Nutritional status was measured by the Mini Nutritional Assessment (12, 13) . Patients at risk for malnutrition received further intervention by the geriatric nurse and geriatrician.
Depression screening and management.-Participants were screened for depressive symptoms by a geriatric nurse using the GDS-s short form (11) before discharge and at 1, 3, 6, and 12 months following hospital discharge. Those identified as at risk for depression received a consultation with a psychiatrist, with geriatric nursing follow-up and support.
Fall prevention.-Participants were systemically assessed during each home visit by nurses and physical therapists for specific fall-risk factors (7, 14) , including postural hypotension, high-risk medications, impaired transfer ability, gait or leg/arm muscles, environmental hazards, and knowledge deficits. For each identified risk factor, corresponding interventions were delivered and the outcomes evaluated by a nurse or physical therapist. 
Procedures
Human participant approval was obtained before collecting data. The protocol was reviewed by an institutional ethics panel and signed consent was obtained from patients prior to collecting data. Participants were recruited from the ER by research assistants who screened the admission list twice a day. Patients who agreed to participate were randomly assigned to the interdisciplinary care group, comprehensive care group, or usual care group. Participants in the interdisciplinary care group received usual care plus the interdisciplinary care intervention program. Participants in the comprehensive care group received usual care plus the comprehensive care intervention program. Participants in the usual care group received only usual care plus regular social contact provided by a research nurse at the same time that the experimental groups received their interventions. All participants were assessed for outcome variables before discharge and at 1, 3, 6, and 12 months after discharge.
Statistical Analysis
Analyses were done under an intention-to-treat principle. Changes in health outcomes were analyzed using two-level hierarchical linear models with binomial outcomes (15) . For instance, the log-odds of an individual being fully recovered relative to being not fully recovered can be modeled in a Level 1 equation of repeated observations within persons: (1). When evaluating nonlinear functional changes with time, researchers centered time at 3 mo after discharge to minimize the possibility of multicollinearity. This time was also based on researchers' previous finding that the most rapid improvement in functional recovery occurred during the first 3 months (16).
In the Level 2 model, the intercept (π 0i(m) ) and linear slope (π 1i(m) ) are assumed to be functions of the intervention programs and other covariates (eg, attrition and prefracture functional status), with a random effect term (r) as follows:
π β β
where β 0q(m) and β 1q(m) represent the effects of the qth covariate (eg, intervention programs) on the intercept and linear slope, respectively, of individual i's trajectory of being in m, and r 0i(m) and r 1i(m) are random effects with a mean of zero. Attrition was accounted for with a dummy outcome variable to deal with selection bias (17); thus, mortality and attrition are not meant to be causal or interpreted as such. Researchers combined participants who died during the 1-year follow-up and those who dropped out for other reasons.
Results
Participants' Baseline and Hospital Discharge Characteristics
Sample characteristics for the two experimental groups (interdisciplinary care and comprehensive care) and the usual care group are shown in Table 2 . Of the 299 participants in the final sample, the majority (59.6%-67.3%) was women, with an average age of 76.17-76.91 years. Around half (48.5%-57.6%) were married, a large percentage (37.6%-52.5%) were illiterate, 50.5%-62.4% had a femoral neck fracture, 35.4%-48.5% had an intertrochanteric fracture, 55.4%-68.7% received internal fixation, and 31.3%-44.6% received arthroplasty. Most participants' American Society of Anesthesiologists ratings were class II (37.2%-43.8%) and class III (53.6%-62.8%), representing morbid and severe systemic disease that is not incapacitating. Participants' mean CBI score before fracture was 96.16-97.23, representing independence in performing ADLs, and 92.9%-96% could walk independently before the fracture. They had on average 1.80-2.00 comorbidities, had surgery on average 2.16-2.30 days from admission, and stayed in the hospital on average 7.93-8.47 days. Their average time from hip fracture to admission was 1.60 ± 4.25 days, with no significant difference among the three groups.
Although participants were not directly measured or diagnosed for delirium, it might have been indirectly measured by repeatedly assessing CMMSE scores, which have been used to detect delirium in hospitalized older persons (18) . In this sample, 17.8% participants (19.5% in the comprehensive care, 13.6% in interdisciplinary care, and 20.3% in usual care groups) were cognitively impaired during hospitalization and recovered to cognitively intact at 6 months following discharge. No significant differences were found among the three groups.
Most patients (n = 290) were discharged directly to the home setting and 9 were discharged to nursing homes (3 in the comprehensive care group, 4 in the interdisciplinary care group, and 2 in the usual care group). At the end of 12 months, 92 participants remained in the comprehensive care group, 92 in the interdisciplinary care group, and 85 in the usual care group. During the 12-month follow-up, 13 participants died (3 in the comprehensive care group, 5 in the interdisciplinary care group, and 5 in the usual care group), and 17 participants declined to participate.
Outcome Comparisons
The effects of the different care models on patients' outcomes were analyzed by odds ratios (ORs, Table 3 ) derived from regression coefficients (Supplementary Table 2 ) and by graphs of outcome probability versus time (Figure 2 ), which were generated by simultaneously accounting for all parameters. The odds of functional recovery followed a quadratic trajectory (Table 3 and Figure 2A ). The comprehensive care group had 3.19 times greater likelihood than the usual care group of recovering complete independence in ADL (OR = 3.19, p < .01). As shown in Figure 2A , the probability of recovery in ADL independence increased more rapidly for both the comprehensive care and interdisciplinary care groups than for the usual care group during the first 6 mo. However, from 6 to 12 months, the ADL recovery rate gradually declined for the comprehensive care and interdisciplinary care groups, whereas the recovery rate of the usual care group was more stable. The ADL recovery trajectories of the interdisciplinary care and comprehensive care groups did not differ significantly.
The odds for malnutrition followed a quadratic function (Table 3 and Figure 2B ). The comprehensive care group did not differ significantly from the usual care Figure 2B ).
Odds for depression followed a linear trajectory (Table 3 and Figure 2C ). The comprehensive care group was 52% less likely than the usual care group (OR = 0.48, p < .01) to be at risk for depression. Similarly, the comprehensive care group was 49% less likely than the interdisciplinary care group (OR = 0.51, p < .05; Supplementary Table 1 ) to be at risk for depression. The risk of depression was consistently lower for the comprehensive care group than for the interdisciplinary and usual care groups ( Figure 2C ).
The odds of ER visits followed a linear trajectory (Table 3 ). The comprehensive care group had fewer ER visits than the usual care group, but the difference was not significant. The interdisciplinary care group was 60% less likely than the usual care group (OR = 0.40, p < .05) to be admitted to the ER.
The three groups did not differ significantly in their trajectories for subsequent falls. Because a small number of participants died during the study, hierarchical linear modeling could not be used for mortality trajectories. Therefore, these data are not shown. Mortality rates were analyzed using logistic regression, and no differences were found among the three groups. Attrition was not associated with any outcome variables except ER visits. Participants who dropped out had a higher rate of ER visits than those who remained in the study (OR = 3.59, p < .01).
Discussion
The results of this study fill a gap in the literature by showing that adding nutrition consultation, depression management, and fall prevention to geriatric hip-fracture programs and early-support discharge programs, which have documented positive outcomes (19) , improved treatment effects by enhancing physical functioning, decreasing depressive symptoms, and enhancing nutritional status from predischarge to 1 y following discharge. This study also expands the results of researchers' previous studies (3) (4) (5) by adding nutrition consultation, depression management, and fall-prevention components to an interdisciplinary care model for elders with hip fracture. The comprehensive care model more effectively decreased participants' risk for depression and malnutrition during the first year following discharge than the previously developed interdisciplinary intervention. However, the effects of the comprehensive care model might have been influenced by usual care in Taiwan including only in-hospital rehabilitation, discharge education, and clinical follow-ups, which is less comprehensive than usual care in most Western countries, especially post discharge (19) .
The comprehensive care intervention developed in this study did not decrease recurrent falls. This finding is similar to a prior report that a multifactorial fall-prevention program could not reduce re-current falls in high-risk, cognitively intact older persons (20) . This lack of effect on recurrent falls for researchers' comprehensive care model might be due to the lack of emphasis on behavioral change (21) .
A large percentage of patients were excluded from researchers' study due to poor cognitive and physical functioning and living outside northern Taiwan. Thus, researchers' sample may have had better functional ability than the general population of elders with hip fracture in Taiwan and may be more representative of community-dwelling patients in northern Taiwan. The effects of this intervention program can therefore only be generalized to hip-fractured elders without severe cognitive impairment, with adequate muscle power in their extremities, and living in northern Taiwan. Future research is suggested using direct measures of delirium.
In conclusion, researchers' comprehensive care program with nutrition consultation, depression management, and fall prevention along with interdisciplinary care components (geriatric hip-fracture assessment and rehabilitation and discharge support) appeared to be more beneficial than only interdisciplinary care for older persons with hip fracture in Taiwan. The results of this study may serve as a reference for health care providers in countries using similar programs with Chinese/Taiwanese immigrant populations.
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